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ABSTRACT 

The primary objectives of the program are  t o  advance the state-of-the-art 
of high temperature thermometry, and t o  develop an end product sui table  
for in-fl ight temperature measurements on the SATURN vehicle. 

Work during the current reporting period was directed principally t o  
consolidation of research data concerning oxidation res i s tan t  coatings 
and high temperature reactions of materials being used, or considered for 
use i n  th i s  project, Results a re  tabulated herein. 
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SECTION 1 . 

1.0 Period Covered 

This report  covers the period 1 November 1963 t o  1 December 1963, 

1.1 Statement of Work 

The Contractor s h a l l  advance the state-of-the-art of high teapera- 
tu re  thermometry and specifically improve the technique of accurate 
measuring high temperatures by designing, fabricating, tes t ing ,  and 
delivering nine (9) thermocouple probes capaS1 
300OoC temperature range under adverse conditi  
oxidations and high stress levels for useful periods of time. Also, 
present methods of thermocouple probe fabrication w i l l  be modified 
such tha t  the end product w i l l  be su i tab le  f o r  in-f l ight  temperature 
measurements on the SATUW vehicle. 

To accomplish the above objectives, the Contractor s h a l l  mnsider 
and explore spec i f ic  R&D effor ts  as follows: 

a. Development of the physical s t ructure  of an,immersed probe t o  
a t t a i n  minimum drag and highest resistance t o  bending and shear 
forces. 

Ascertain the best  combination of ingredients i n  the protective 
coating of the probe to extend the term of oxidation resistance,  

with t h e  immersion type probes, 

Incorporate l a t e s t  state-of-the-art materials as potting and 
sealing elements i n  the base of the probe. 

. 
L 

c .  Determine the best  c 

d. 
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1.1 Statement of Work Cont..., 

L 

streanis , 

1.2 Progress 

Accomplished during the current reporting period were: 

a. Analysis, Form and Shock Drag 

transverse t o  flow. 

b, Oxidation Resistant Coatings 

A surrmary of research done t o  date on various types of coatings 
was made, and the results were tabulated. 

c. HiFh Temperature Reactions 

Results of studies performed t o  date on high temperature 
reactions applicable t o  this program were summarized and 
tabulated. 

t e r i a l s  were c 
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SECTION , 11 

PAST PROGRESS 

2.0. General 

Previous e f f o r t  was reported i n  ACL Progress Reports T-1097-1 
through T-1097-5. 

2.1 Prototype Design and Devzlogment . .  . 

As was previously reported, objectives for the  first prototypes 
were limited t o  the 4000'F - 4500°F range i n  the in t e re s t  of 
accumulating t e s t  data €or analys 
future  design. 

A design approach f o r  zhe prototype gauges was selected, and drawings 
prepared, detai l ing means of fabrication and assembly. 

Investigations made in to  fabrication techniques involved i n  working 

techniques. 

Shock and vibration t e s t s ,  performed on a prototype mock-up, resulted 
i n  a conclusion tha t  the sheath material was in t r ins ica l ly  capable 
of withstanding the  specified shock and vibration requirements. 

Samples of various 

An evaluation of the SRI calibration tests fo r  ACL Type 4734 gauges 
was made, resu l t ing  i n  a conclusion tha t  an optimum inmersion depth 
might be i n  the  order of 1-l/2 inches i n  an isothermal region. 

The two Type 4734 gauges tested by N . A . S . A . ,  and returned t o  ACL were 
examined, and r e su l t s  of the examination were reported. 

. 
9 *e resu l t s  t o  Se u t i l i zed  in 

bo 

* 

. vapor deposited Tungsten, resulted i n  improved material handling 

compensation lead w i r e s  were ordered fo r  
axd evalua'tion 

. 



2.1  Prototype Design and Development Cont.,,. 

predicted by ACL. 



SECTION I11 

CURRENT PROGRESS 

3.0 General 

Effor t  during the current reporting period was devoted principally 
t o  research of l a t e s t  available l i t e r a t u r e ,  and preliminary design 
of the second generation gauges. Information received from N.A.S.A 
regarding performance of'izhe f i r s t  generation prototypes, as well. 
as other information requested regarZiing in s t a l l a t ion  and use, were 
not received i n  t i m e  f o r  incorporation i n  current works. It is 

Zion w i l l  be made available in t he  near 

c 

3.1.1 Analysis, Aerodynamic Loadicg 
A 

A l l  information, regarding the medium i n  which the gauges w i l l  run, 
has not been received. Therefore, a def in i t ive  analysis is not 
possible. A general assessment can be made, however, of the e f fec ts  
of aerodynamic loading, i n  arbi t rary terms. 
of t h e  Type 4735 prototype gauges was used i n  preparing the estimates 
of form drag and shock drag shown i n  Figures 1 and 2,  respectively, 

The general geometry 

3.1.1.1 

2 calculated f o r  a projected area of 2.36 x f t .  , 
medium velocity t o  5000 ft/sec, and medium densit ies of 2.045 x 10-3, 
2.37 x 10-3 and 3.567 x 
i n  Figure 1, with maxima from 55 pounds t o  95 pounds. 
depth of 1.8 fnches w a s  hypothesized. 
shape associated with form drag. 
i n  a l l  computations. 
fa i lures  seen i n  tests of other gauges of a sirxilar type. 
it was suspected tha t  a shock condition may have existed. 

slugs per f t .3 .  The curves a re  shown 

These curves take the usual 

The loads thus indicated did not account f o r  

An immersion 

A drag coefficient of 0.9 was used 

Therefore 



3.1.1.2 Shock Drag 

estimate of shock drag, a geometry s imilar  t o  t 
u t  incorporating a Biconvex cross section with 
xwas hypothesized, andit was assumod that the f 

would go supersonic a t  some point i n  the temperature-veloci 

The projected area was estimated a t  1.547 x 10-3 ft.2 a t  1.8 inches 
hmersion depth. The r a t i o  of specif ic  heats of the medium a t  1 . 3 ,  
and a value of 58 w a s  given 2K. 
ambient, was corrected for the discrete  temperatures of 773 'IC, 
1273"K, 1773OK, 2273'K and 3273"K, selected €or the  estimate. 
Velocities of 2000, 3000, 4000, and 5000 ft/sec were likewise used. 
Results of the computati'ons were plotted,  using a modified "carpet" 
technique, and are  shown i n  Figure 2. 

I t  is emphasized tha t ,  since values selected fo r  the various 
Pa re not necessarily those t o  be actually encountered 
In  gnificance can be placed on any data point i n  the 
ca very  the graph does indicate that, depending upon t h e  
combination of temperature and velocity attained a t  l ight-off ,  and 
during the shor t  time internal  thereaf ter ,  u n t i l  s t a b i l i t y  is reached, 

. 

' 

Density, taken a t  0.56  x lr3, a t  

% 

a poss ib i l i ty  of an extremely large load llspike" occurring 
ef period of t i ne ,  and a consequent catastrophic f a i l u r e  in 
sed member, if loaded transversely. The existance of su 
i n  other t e s t s  has been suspected fo r  some time. N o  0th 
e explanation has been advanced f o r  random, dramatic f a i lu re s  
being tes ted i n  various engines and gas generators, Such 

have been invariably associated with fuel-rich s t a r t s  and/or 
burning. That events i n  the sequence of igni t ion and com- 
appen i n  very short time intervals  is wellknown; 

i 

pressure r i s e  of 250,000 psi/sec, and the suspected 
of .r shnrt duration, very high temperature sp ike  in a 
large reaction motor. 

The two estimates of dynamic loading given above are  not based upon 
actual operating parameters. It is f e l t  however, t h a t  the shock 
drag may present a problem worthy of consideration, i f  only because 
of the re la t ive  magnitude of the forces developed. Therefore, any 
future  designs w i l l  include provision f o r  minimizing the reaction 
to such forces, within limits imposed by the geometry of the 
i n s  t a l l a t i o n  . 



’ 3.2 Oxidation Resistant Coatings 

Early i n  t h i s  program, it was realized tha t  a serious probl 
t ion of Tungsten. At the 
own. This area of endeav 

tion, An extensive revfe 
ure  has been and the  resu l t s  of the s 

tabulated, Only data tha t  has been suSstantiated by 
t e s t  is reproduced i n  the table, 
materials, claimed by the manufacturer t o  have a protective quali ty 
at temperatures over 3000*F, were disappointing i n  the extreme. 

(see Table I) 
Earl ier  t e s t s  a t  ACL of such 

, 
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. TABLE I 

SUMMARY OF OXIDATION RESISTANT COATlXGS 

NOTE: U indicates unknown 



3.2 Oxidation Resistant Coatings Cont.... 

I n  r ching the report om which the data i n  Table I w a s  taken, 
.it b apparent t h a t  l i t t l e  had been do oward taking data 
a t  temperatures above 4000°F, probably because research programs 
were oriented toward long term oxidation resistance fo r  s t ructures  
a t  re-entry temperatures, rather than short  term.resistance f o r  
components a t  higher temperatures. 

I n  other work reviewed, . the degradation of s i l i c i d e  coatings a t  
oxygen pressures from .1-760mm was studied by LMSC. I n  high velocity,  
l o w  pressure a i r ,  a particular coating had a l i f e  of 2 hours, a t  
27OO0F, but a t  one atmosphere, it las ted  1s hours. The r'ailure 
mechanism appeared t o  be related t o  the evaporation of SO under 
high temperature, low pressure conditions .) The lowest oxygen 
pressme a t  which the SO2 f i l m  appears t o  be s tab le  is Smm 02- 

nvestigated coatings fo r  re-entry bodies a t  3000'F t o  
e i r  recornendation w a s  for spray-coating of the  W substrate 
active oxides, using the oxide as a bar r ie r  t o  high velocity 
ace oxygen pressure a t  the substrate surface t o  a l eve l  * 

such tha t  oxidation rate is not a serious s h o r t  term consideration, 
Tests of t h i s  technique a t  3000°F end 5zm 02 resulted i n  an increase 

30 minutes wiTh a 1 3  m i l  coating of Zr02. 

earchers exhibited interesr  i n  a composite of refractory 
carbides and Tungsten. Typical of these is TaC-W. Aero jet-General 
reports t h a t  reaction beaeen  these two materials occurred a f t e r  
2 minutes a t  S400'F. 
formation occurs as l o w  as 5160°F. Al l i son  Division, G,M.C. reports 
the 

The consensus of L ~ E  ~ e s a a r c h  g m q s  sems tc! he t h a t  the coating 
exhibiting the  most promising character is t ics  f o r  short  term use 
a t  temperature. l eve ls  above 3000'F are modified d i s i l i c ides ,  
composites , and th in  coatings of high refractory,  non-reactive oxides. 

i n  l i f e  i n  high veiocity a i?  from 8 ainures w i t h  uncoated. Mo t o  c 

General telephone reported that eutect ic  

reaction temperature of CJ-TaC a t  4980°F. 
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High Tenperatwe Reaction:Oxides, Nitrides and Carbides vs Tmgsten 

I n  comparing resu l t s  obtained by various researches, Table I1 is 
presented incorporating data, n o t  only regarding the  oxides, but 
other materials as w e l l .  

TABLE 11 

REACTION OF TUHGSTEN WITH OXIDES, NITRIDES ASD 
CARBIDES AT ELEVATED TEXPERATURES 

Material Re action 

So reaction a t  Sk3D"F 
No reaction a t  5430°F 
No retictive to 4200°F 

. Entiyely reacted at 4530°F 
x o t  reactive a t  SL;~O"F 
Vaporizing, but  no other reaction at 543OoF 
No reaction at 5430°F 
Slight interdiffusion a t  5240 OF 

Slight reaction a t  5240°F t 

Severe interface i r r egu la r i t i e s  a t  5430°F . 

ZrC 
(Ta-20HQ C 

W-ZrC eutectic melts below 4890'F 
W- (Ta-20Hf) C eutect ic  melts below 4890°F 

Page 1 0  



3 - 3  High Temperature Reaction Oxides, Nitrides and Carbides vs Tungsten Cant..,.' 

The work resylzing i n  most ol" the information i n  Table 11 was 
performed by General Telephone Electronics Labs. Others agree 

h their results. 

eems t o  be tha t  the refractory oxides, with the 
i 

exception of M@, are  generally unreactive with Tungsten. 

The refractory carbides and ni t r ides  would be of l i t t l e  use as 
coatings on Tungsten at temgeratures above the melting points of 
the  eutectics,  or a t  temperatures near those a t  which reaction was 
noted. 

' are indicated, but t h a t  Some carbides and n i t r ides  would be of use 
below 500O0F. . 

The t e s t s  were run on Twgsten fa41 which, having been mechanic 
w 0 1y exhi5its a &?ai5 s t ructure  rruch larger than the 
e l  a l l y  f o r m d  sheaths of the Type b735 gauges, The 

ns , particuia2ly those associate2 wirh Liffusion, may 
b2 rent ,  The data, i n  Table 11, being essent ia l ly  
qu nature, does not establish working r a g e s  €or the  
rnatex6als, but does serve as a basis upon which,to predicate directed 
e f for t .  

The effect  02 reactions of Tungstzn with the  oxides on t h e  emf I '  
output of the gauge is not necessarily a s t r a igh t  forward function 

It can thus be s ta ted i n  general t ha t  above SOOOOF the oxides 

I 

of temperature. 
reactive refractory oxides could be used with impunity t o  tenperatures . 
well above SOCO°F, 
thzn those of chemical reaction. . 

From Table I1 it could be inferred t h a t  the non- 
I 

I 

The effect  however may occur i n  mechanisms other 
Used on the exter ior  02 the gauge, 

I 

tungsten. Used internal ly ,  as  e l ec t r i ca l  insulators,  the oxides 



3.3 High Temperature Reaction Oxides, h'itrides and Carbides vs Tungsten Cont,,,. 

orm l i k e  those used externally,  except t h a t  There would. 
Eect of local increa 

o f  *Ira medium. Z'ha p s a t r e t  B 
because of the  increase i n  e l ec t r i ca l  conductivity associated, i n  
these materials, with high temperatures, 
disagreement among researchers as t o  the changes i n  e l ec t r i ca l  
conductivity, the consensus seem t o  be tha t  the zirconia, hafnia 
and y t t r i a ,  although m o m  refractory thsn bery l l ia ,  Secome conductive 
a t  a lower tenperatme. 
Uranium Oxide i n  t h i s  regard. 

of tenperatme due t o  stagnation 
20 (BFB mima likaLy r o  o o a w  

Although there is some 

L i t t l e  information is available concerrizg 

3.4 Elec t r ica l  Insulation + 

Since the time of the l a s t  report, coz?fcrences have been held with 
e r  rssearchers working i n  the Z i G l d  Gf high temperature 

i c a l  insulators,  30th report  Ilttl2 succc.ss i n  finding a 
le material , and aze presently direct ing -Their efforts toward 
ing for no insulazion. ACL is continuing effor: i n  t h i s  area, 
resent thiriking directed toward gas d ie lec t r ics ,  * 

3 *5 2equests f o r  Information 8 

It is requested that the information s e t  r"or3h i n  Para. 3.1.8 of 
ACL Report No, T-1097-5 be giver, early a t tent ion,  i n  orZer  t ha t  
design of the second generation prototypes may be contimed without 
delay, It is also requested t h a t  ACL be fcmished with any zvailable 
results of test of the first three prototypes delivered, . 

J I U  3 c  CzTrent Tests 

The t e s t s  of lead w i r e s  
reached completion a t  the time of t h i s  repar t ,  

coatings are  continuing, but had not 
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4.0 Objectives €or the interval  1 Deceabcr 1963 t o  1 J'anuary 1963, 

a. Continue calibrations ar,d oxidation t e s t s ,  

b. Continue lead wire tests. 

c. Continue search for insulators, 

d. Continue design of second generailion gauges. 
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